The leaf anatomy and certain photosynthetic properties of nitrate-and ammonia-grown plants ofMoricandia arvensis (L.) DC., a species previously reported to be a C3-C4 intermediate, were investigated. Nitrate-grown plants had a high level of malate in the leaves while ammonia-grown plants had low levels of malate. In young leaves of nitrate-grown plants, there was a diurnal fluctuation of malate content, increasing during the day and decreasing during the night. Titratable acidity remained low in leaves of both nitrate-and ammonia-grown plants.
7% after a 10-second pulse with 14CO2 up to 17% during a 5-minute chase with 12C02. The pattern of 14C labeling in various metabolites suggests the primary carboxylation is through RuBP carboxylase with a secondary carboxylation through PEP carboxylase. In similar experiments, with ammonia-grown plants, the percentage label in malate was only 0%o to 4% with no increase in malate labeling during the chase period. The CO2 compensation point was lower in nitrate-grown than ammonia-grown plants.
There was no evidence of Kranz-like anatomy in either the nitrate or ammonia-grown plants. Mitochondria of bundle-sheath cells were strikingly positioned along the inner tangential wall. This might allow the chloroplasts of these cells to fix the mitochondrial photorespired CO2 more effectively and contribute to the low CO2 compensation point in the species. Chloroplasts of bundle-sheath cells and contiguous mesophyll cells were similar in size and structure in plants grown on different media, although chloroplast thylakoids and stromata of the ammonia-grown plants stained more intensely than those of nitrate-grown plants. In addition, irregular clusters of phytoferritin particles occurred in the chloroplasts of the ammonia- ' Supported by National Science Foundation Grants PCM-77-09384 (G. E. E.) and PCM 80-03855 (R. F. E.); by The Japan Society for the Moricandia arvensis is a species having some characteristics intermediate to C3 and C4 plants based on its CO2 compensation point and PEP6 carboxylase activity (2, 3, 13, 23) . Recently, Holaday et al. (20) concluded that these C3-C4 intermediate features did not result from the functioning of a limited C4 cycle as proposed for Panicum milioides (30) primarily due to an inability to detect activity of pyruvate,Pi dikinase in leaf extracts and low activities of C4 acid decarboxylases.
Winter et al. (43) reported that in some species of the family Brassicaceae, including a Moricandia species, the malate content increases during the day and decreases during the night. Certain plants when grown on nitrate as the nitrogen source contain considerable levels of malate in the leaves in comparison to plants grown on ammonia (8, 22, 28) .
In the present study, we evaluated the leaf anatomy, nitrate reductase activity, malate content, and some photosynthetic prop (40) and had a large excess of N03 (7 mM) over NH4' (I mM). Solution C (22) contained nitrogen only in the form of NH4' (5 mM (41) . RuBP carboxylase was assayed using a radiochemical procedure after Lorimer et al. (25) .
For determination of pyruvate,Pi dikinase activity, leaf discs (taken from fully illuminated leaves) were ground at room temperature in mortar and pestle in a medium containing 100 mm Hepes (pH 7.6), 10 After the same period of growth, plants grown on medium C were smaller than those grown on medium B, and had fewer leaves: 11 compared with 16. It was necessary, therefore, to sample the fifth visible leaf from above of a medium C-grown plant, and the eighth visible leaf from above of a medium B-grown plant. Both of these middle-aged leaves were fully expanded and apparently healthy.
The tissues were fixed in 6% glutaraldehyde in cacodylate buffer (pH 7.0) for 6 h at room temperature, and postfixed in 2% OS04
in cacodylate overnight in a refrigerator. Embedment was in Spurr's resin (37) . Thin sections were cut with a diamond knife on a Porter-Blum MT-2 ultramicrotome, stained with uranyl acetate and lead citrate, and viewed and photographed with a Hitachi HU-1 C microscope. For light microscopy, serial transverse and paradermal sections, I to 2 ,[m thick, were cut with glass knives, and then were stained on microslides with toluidine blue.
RESULTS AND DISCUSSION In a previous study (43) of species representing many families grown in certain desert and coastal habitats, there was a notable increase in the malate content during the day among species of the family Brassicaceae. With Moricandia arvensis, also in the family Brassicaceae, we examined the malate content of leaves at the end of the day and night period at various leaf positions (Fig.  1) . The malate content of the tissue ranged from about 40 to 135 ,ueq g-fresh weight, similar to that of several species in the family Brassicaeae (43) . These levels of malate are similar to those of many CAM plants during the night period (29) . The malate content was higher at the end of the day than at the end of the dark period, with the greatest change occurring in the younger leaves. This fluctuation in malate content in the leaves is opposite that seen during Crassulacean acid metabolism. These plants were grown in a standard nutrient medium containing 7 mm nitrate and I mm ammonia (medium B).
The malate content and titratable acidity of leaves during a day/night cycle with plants grown under different nitrogen nutrition is shown in Figure 2 . In plants watered with medium A (containing 5 mM nitrate and no ammonia) and medium B (containing 7 mm nitrate and I mm ammonia) there was a marked increase in malate content during the day and a decrease in malate content during the dark period, particularly in the younger leaves.
However, with plants grown in medium C (5 mm ammonia and no nitrate) the malate content was very low (Fig. 2, C1) A.- occurs in the leaves during the light period as previously suggested (6) , there may be a corresponding increase in malate content. It is uncertain whether malate decreases during the dark period due to metabolism in the leaf or transport to other parts of the plants. Dijkshoorn (14) and Ben-Zioni et aL (9) have proposed that potassium malate, which is formed during KNO3 reduction in shoots, may return to the roots where it is oxidized. Direct experimental evidence is missing thus far, but Moricandia arvensis seems to be an elegant system to test this hypothesis. Plants grown in the two different nitrate media (Fig. 2, A and B) showed similar changes in malate content. In the early phases of the study, substantial data were collected with plants grown in medium B.
The subsequent experiments reported are with plants grown on medium B, hereafter referred to as nitrate-grown plants and medium C, hereafter referred to as ammonia-grown plants.
As mentioned previously, plants grown on medium B were larger than those grown on medium C; otherwise, the plants were similar in appearance. Moreover, there was no apparent difference in the structure of the leaves between medium B and medium C grown plants.
The leaves of M. arvensis have been variously described as being unifacial, the mesophyll consisting entirely of palisade parenchyma (2, 18); as being biracial, the mesophyll differentiated into palisade parenchyma and spongy parenchyma (3, 13) ; or, as having centric mesophyll, the mesophyll cells more or less radially arranged around the vascular bundles (26) plane of section, the same leaf appeared either unifacial (cut parallel with the long axis of the lamina) or biracial with centric mesophyll (cut at right angles to the long axis of the lamina).
Although it has been reported that the vascular bundles in M. arvensis are enclosed by a wreath of cells containing numerous, especially large chloroplasts, in the manner of Kranz cells (2), this feature was not apparent in leaves of either medium B-or medium C-grown plants. Nor (Fig. 3 , arrows [20] ).
Both bundle-sheath cells and mesophyll cells contained numerous mitochondria and peroxisomes, and their chloroplasts were of similar size and ultrastructure (Fig. 4) . In the bundle-sheath cells, the nucleus was inevitably located along the inner tangential wall in the parietal layer of cytoplasm, which also included a fair number of chloroplasts (Figs. 4 and 5 ). Most striking, however, were the arrays of mitochondria consistently found in the parietal layer of cytoplasm along the inner tangential walls (Figs. 4 and 5) . Few mitochondria were found elsewhere in the bundle-sheath cells, whereas chloroplasts commonly were located along portions of anticlinal and outer tangential walls bordering intercellular spaces, as well as along the inner tangential walls (Fig. 3) .
Obviously the leaves of M. arvensis do not exhibit a Kranz anatomy (13) . In surface view, the vascular bundles of living leaves appear more intensely green than the intercoastal areas (2) . This is due only in part, however, to the presence of chloroplasts along the inner tangential walls of the bundle-sheath cells. Also contributing to this intensity are numerous chloroplasts located in most of the parenchymatous elements vascular parenchyma cells The only differences encountered between the leaves of medium B-and medium C-grown plants were apparent only with the electron microscope. Both the chloroplast thylakoids and stroma, and the mitochondrial matrices of medium C-grown plants consistently stained more intensely than those of medium B-grown plants (compare organelles in Figs. 6 and 7) . Moreover, irregular clusters of phytoferritin particles, which also were clearly discernible in unstained material (a criterion used in the identification of phytoferritin), were encountered in the stroma of medium C (ammonia only) chloroplasts, but not in those of medium B (nitrate plus ammonia) chloroplasts. We have no ready explanation for these differences.
Phytoferritin is generally found in the stroma of developing and senescent chloroplasts, and it has been interpreted as a nontoxic store of iron that can be used for the synthesis of chloroplast components or that represents a breakdown product associated with disruption of chloroplast structure and photosynthetic activity (12, 35, 36, 39) . Phytoferritin rarely has been reported in mature chloroplasts (34) . The chloroplasts of both the medium Band medium C-grown plants were fully differentiated, with welldeveloped grana and stroma thylakoids. To our knowledge, this represents the first report of a possible relationship between the presence or absence of phytoferritin and differences in mineral nutrient media.
The nitrate reductase activity in nitrate-grown plants was substantially higher than in ammonia-grown plants (Table I) . As reported for many plants (7) FIGs. 6 and 7. Portions of bundle-sheath cells, showing appearance of chloroplasts and mitochondria, from medium C (Fig. 6 ) and medium B (Fig.  7) grown plants. Arrows in Figure 6 point to clusters of phytoferritin particles in stroma of chloroplast. Inset shows phytoferritin at higher magnification. Figures 6 and 7 , bars = 0.38 Jim, x 26,400. Inset, bar = 0.10 ,um, x 100,000. (Table I) further suggests a link between nitrate reduction and the large diurnal fluctuation of malate of the young leaves ( Fig. 1; Fig. 2 (Table III) .
After 10 s exposure to "4CO2 at 100 ,ubars above ambient levels, primary labeled products were P-esters in both nitrate-and ammonia-grown plants. During the 5-min chase in air, the labeling in P-esters decreased, whereas label in sucrose, insolubles, and glycine + serine + glutamate increased. This general distribution of label in a pulse-chase experiment is typical of that of C3 plants (10, 15) . In the nitrate-grown plants, the percentage label in malate after 10 s of'4CO2 fixation was 7% or less; and this increased during the chase period up to 16% in young leaves. In ammoniagrown plants, the percentage label in malate was very low after 10 s exposure to'4CO2 with no increase in the percentage label in malate during the chase period. These results indicate that relatively more label from'4CO2 fixation goes into malate in nitratethan in ammonia-grown plants. This is consistent with the higher malate content in the nitrate-grown than in the ammonia-grown plants (Fig. 2) . The increase in label in malate during the chase period in nitrate-grown plants is directly opposite to the situation in C4 plants where malate is a primary initial product which decreases in label during the chase period. The labeling pattern of malate in the nitrate-grown plants of M. arvensis suggests that the primary carboxylation is through RuBP carboxylase. The P-glycerate formed through RuBP carboxylase may in part serve as a precursor for synthesis of PEP which is then used in a secondary carboxylation through PEP carboxylase. As reported by Holaday et al. (20) , no activity was detected for pyruvate,Pi dikinase in leaf extracts of M. arvensis. The apparent absence of this enzyme, the low activity of the C4 acid decarboxylases (20) , and failure of label in malate to decrease in the chase period suggests a C4 cycle like thatof C4 plants does not function in M. arvensis. The distribution of label among the products including malate and the pattern of change during the chase period was very similar for plants exposed to either high 14CO2 (100 ttbars above ambients) (Table III) (21) .
If the relatively low CO2 compensation point previously reported for M. arvensis (2, 3, 5, 20, 23 ) is related to PEP carboxylase activity and malate synthesis, the nitrate-grown plants might be expected to have a lower r than the ammonia-grown plants.
During the course of the study, two sets of data were collected on r of middle-aged leaves of nitrate-and ammonia-grown plants. On the first set determined at the time of the pulse-chase experiments, the average values ofr was 32 ttbars for the nitrate-grown plants and 42,ubars (2, 3, 5, 20, 23) and presumably all studies included nitrate as a source of nitrogen nutrition. Further research is needed to determine the basis for the variation in this species which in part may depend on leaf age, time of day and season, and nitrogen nutrition. In addition, the effect of nitrogen nutrition on malate content and r should be measured in other Moricandia species. M. foetida (5) 
